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Electrochemical Characteristics of SiO-C Composite Anode Materials for

Lithium Rechargeable Batteries
Shin Hye Min

Department of Industrial Chemistry, Graduate School,
Pukyong National University, Busan, Korea
(Supervised by Professor Oh Dae—Hee)

Abstract

High energy density batteries are in demand for light weight portable
electronics equipments. To meet such requirements, recently lithium based
anode alloys such as Li2Sis and LisoSns, with theoretical capacities 4190 and
990 mAhg! respectively, were identified as the possible alternatives to
graphite which has only 372 mAhg' as energy density. However, the
application of these materials was hampered as they inherit wide volume
variations which results in loss of electrical contact between the active
materials and current collector causing cell failure. In order to absorb the
volume changes during cycling process the silicon in the electrode materials
were modified as intermetallic alloys, compounds, nanosized active materials
or composite materials so as to provide high cycle capacity.

Although several Silicon based materials have been synthesized and explored
, the SiO based anodes have shown promising results. X. Yang et al reported
nanosized silicon from mechanical reduction of SiO with lithium to deliver an
initial and 50w, cycle capacity as 770 and 762 mAh g_1 respectively.

In this study we report a simple method involving a single step for the
production of Si/SiO/Graphite and SiO/Graphite composite anode with high

* A thesis submitted to the Committee of the Graduate School of Pukyong
National University in partial fulfillment of the requirements for the degree of

Master of Emgineering in December 2007.
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energy density. And also present the physical and electrochemical
characterization of the anode materials.

A new anode composition material comprising of SiO and graphite has been
prepared by adopting ball milling technique. SiO-Graphite composite shows
initial discharge and charge capacity values of 1738 and 693 mAhg_l,
respectively. The electrode sustains reversible charge capacity value of 318
mAh g at 1004 cycle. The repetitive volume changes during cycling causes
anode particle fracture which leads to the loss of electrical contact between
the particles limiting cycle life performance of the cell. So we made in the
form of a slurry using a simple solution mixture consisting of propylene
carbonate (PC) and acetone(Ac) and then heat treated to order improve the
cycle performance. The heat treated organic slurry composite  has initial
discharge and charge capacity values of 1346 and 612 mAh g}, respectively.
The reversible charge capacity value of 500 mAh g_1 at 100w cycle with a
high coulombic efficiency ~99%. The study shows the achieved significant
improvement in cycle performance of SiO—Graphite composite.

And In this study, we tried electrochemical pretreatment to remove the
initial charge capacity recovery though cc—cv (constant current-constant
voltage) technique. we can resolved - the present state that discharge capacity

increase in initial cycle by 24 constant —voltage process.

- Vi -



Al

s

uw mﬁ TN
EEER CIA
Qﬂw_fawww .
~ " O
mr & " ™ ﬂﬂ o Y ® .y
_ ¥ ; ; X "o _
Mﬂ il FX olo X N : " s
. * um o Lo~ ) < Gt mo ™ mm
: ) ~ 0
ﬂuu_%m urm7%mw,@mnﬁ s .
: W . | mw - T 2 o o + > 8 o
- i 3¢ X = b B ) b B2 or
%ﬂbﬂﬂlmuzr%moﬂtc%ﬂ
~ K Do X o= 70 T © P T b g .
1_ ‘\MM 1_._A|O AT w HA_W ;8 0 % J#_l XL 0 X WMO m a MM
- =T - do oF _ -y
% Wwﬂ - . WL oV Wu_“ o o X ) 1% o, & ul X o
@%&r%ﬁr%onour%W)élﬂnoni
| : e = = oS oo % oy
- X :i 0 I T — e, o#o 5 - -
L OB X ~ T U = : : s
& @%Hﬂﬂnownv@%a%z%
%ii = é@meﬁﬂl &
Jo X "= M . Z ., - s £
~ iy o\ X o T < oF oo K] o
7tﬂﬂ@,uo,mwi%mﬁmu}x%
R i o = o o X! o i
o = o} O - = XH 00 Mo T X
ﬁo - —_— _Ho,ﬂ N~ oﬁ o = ! Ot 4 L :
: - 21_ XL » > 5 — % X T ﬂr o oﬁo & fo] 0
~ il < A s o ¢ 3 . :
: . i \Na Jvm v m lv_Al J_l 7 | s i) O# o
= X T 3 ° AR e afl) ©
s I = oy %N > o ! z X T . ;T ;
o S <l (e = - ~ ™ T ) = u
m%mqw# m%o_aa wxﬂ:_
E: ] h g AR T o Joar J
33 . v 2 W CNCN o o
T K S LRI o = . 25
2o T o n % 3 FoozK Mo % & - o 3
: - T D < b > Mﬁ <0
"o 2 w
E - _,1% Mo -~ i3 %H O O ~ = X | mwo =) MT m]ﬂ
— ° X - - : : :
5w ML NIy < o 20 T 5 = \qu — BK JN
o B ol o b o i M m M
Mo  HH "o . - = Mr
™ o m 3 %u ¥
o) 8 M . :
~ ‘m;.A X ‘mwl
7A

sl = Aol

o

7]_ o) =
A ojit7] o = = as
ol 7
Htﬂ- o]
T7F AL FeE A’
it A :
R =R
o] A
U Ao 4
o] uj ) ) j Hvl=E

=)
93} AHg



EE

7

=
=

sAE gAgesd AAe ool LA

Aol e

e

1

o

AAZF 7}

-
1

AR ol

A

SO
S

Alet ]

]

e
=

< g

hin

mechanical

3f

)

]

-

YJEFT Sl 2= 3860 mAh/g ©]
o

wol Wrhe Aol7h ik el

A o),
o] AFtEo] A Q.
Hol 4200 mAh/ge =< &%S YERA

1

372mAh/g o

[e)

L

(S1)

3 4]

I

A

=
K3

A

N 5 RS \8) 9) A
b erz’ Hd 555 WAg As=2 Ae2(6D7, F46n)7, &FvE

stress’} 7}

=l o]

b2 Abe]

&

%0

N

s

A

J

1714

T;]— 11-13)

o

ORM 1

ol

17

7N el

o

1

]_J-l 9}]\]:]_‘14,15)
tol 173

°

°

SHAl =™,
A

°

=

2 g
ur

A4

o] WA

A7 AR whekA ol

}

0]
pul

-

1

F-gd BEA AR} 9

ToR
)

—
fite)

b1 9

S

ARZE =7}

|
—~

il

)

Ao 2 1996

-
it

b= Aol Ak o)

R4

3t active/inactive 3}

2% #7}



1:1]16,17) ’ o] 1:'/]

-
1

Aol gl& AFsk= (LixO) o] 974 =

~a

el

B

)

ol

= ATt B

&

2 EAE AME

= -
T He

mJ
J)

R

+
i)

el
o
olo

i
fite)

FuRste Ao glown,

ToR

-
1

$% 54 M4

el

ﬂo

A £(SI0-C)=

L
=

o
1=

A2

doll A A

==
o

EALE ALHFLEA

hyA

o)
H

<

%



AX el Al oF 200 Mo R AL Lapzith 2007d 959 AAE
Aol At A7|setd o AFS )L

A2 1791 olejE]e] FE3AQI Luigi GalvaniZt A8l & afF-atth A

LI
o
2
>
0,
o
=
L
o
=
[¢)
w
n
)
o]
[oN
]
o
<
=N
t+
&
rr
o
et
o
ftlo
)
B
!
B
N
o
—
2
o
D

S gt o]F, 1802Y =< o Gautherot?7} W HF IS AL&3te] ES A

L
rlo
o
Y
o
N,
Ho
dl
2
=
_04
o
o2
ok
s
(m
il
Z,
Q
@)
o
1%
X
-
oK
[_ﬁ
|o
fr
)
2
X

g morstgih ol@il o] A WAL FOEM ARE AFT & At

ol % Fhsh =9l AA 9 oAbE Ao 21d el



1800 IH

1900 H
&gt

19001 CH
Fam

2000204

1859

1868
1882
1886

1889

1901
1917
1942

1944

1945

1946

1947

1949
1962

1970

1980

1990

—

1x X

Lechlanche & X2

EEl R P FSINE g
YHEK LY

E= P[0 e PPNE g
=2 dX|o ¢H

=

2ot Y2t MR HE3t

=Z=20=23=9

2IE MK AZ3H1971)
OlASL A2 2ISE X
A E3}(1975)

A2 21 S & X)(1985)

EE==H|

Figure 1. The history of battery.

g2 ——|k— =

2% & X
s MX2Y

LIZJIESHA) &3
LIZOIH ™ X &Y

Ni/Fe®™ Xl 2&

A XX ANEE,
MAH(BREXH M)

LIZIIESEX
2H3dS

LIZIIES XA 4835

UEHE =AFX LY

HHLIS A 2ISE XN
(1988)

LIZ=AEX AE3;
cIS0I2HX &3t
cISECIHAX &85

XHMICH & XI System
(ZIE25EN)
(HO101Z=2HA)
(2101 & XI)
(HA2AX)

LK >

HEXBIA L8,
MAHRAEFI|FAL)

LIZ—2=AEX| Ao
(2AEFXI) (1996)
MEETINLS st
AT EE A (1997)
ZIS0I2 2R E K MM
(LG3I&t, AHSSDI) (1998)
CISECIHAXI S
(BHUHI LB A( (1999)



Aol M =

FA dth dA] wEgol
. olAH

°

= T4

}o] & (change transfer)o] %#}o]E—

°

-

]
o A AA §ES-9)

[e)

Bl =

Al o] A €]

s 2

Aol A k-0l

27} o]
oM HAH o Z #H3Z(closed circuit)

22. A7) B8 AA & A

Tor

BERREL I

12
eS|

Tor
B
B

o)

olo

Tor

ol
ol
ar
B

.

0
N

o

(1

o x| ZH o
JEZ I ZH,

[e)

i

-

1

Gibbs#}

o, AH

1

AG = AH - TAS

=

7 2o
1714 AG

ol | ]

1=

eyl
™
[
)

N



v

net useful energy =

ki3

o kel A 7hs

o] 7 Hk-g-
oul 2 yehE, Ao A doju= HES-2] net available

==
T

o
=)

)

o

=3

4714

=
=

HEZ o

3 o] e}

o
i=]

=

electrical energy

(2

AG = -nFE

= Faraday A5

1, F

S

B A £F 2

|Fol A= Ao dgo e A

0

= ofy

UYEt ™ E

=
=

145 & e celld

7

gol
=44 @

ZFA A Fm ok intensity 842 AZtEol Xt g i &%

KeX
=

N

to

| gk AHfreldR e &

3 Van't Hoff isotherm< o]

A},

(3)

RTIn(ap/ar)

+

AG = AGY

o171 R 714

UEbdn webA 7)o (2), ©)

=
=

59| activity

o
Q)

$-¢] Nernst

E = E° + (RT/nF)ln(ap/ar)

A, (D3 )AL =HH

4 e s

SCIEE

Zojd A

ki3

-3

(4)

AG = nFE = AH - TAS = AH - nFE(dE/dT)



—
fite)

O
_ZTI
il

!

o

)

=
=

o] (dE/dT)
Alell= Wdd. 19

Atk dE

o~
T

A

o

A

ki3

o] of

Al O
— =

9]

Zol wa WS Aok v

£

9

KeX
=

g WA Hrrgqor Ao g Ao WAs= HZFH A S joule &

—_

<
)
—_
fite)
IoH
2

i
M

t5))

Er)

TAS + 1 (Eocy

Eocv, open circuit voltage (OCV)¢}t Er, 2

X7

Tor

%

<

A7 <)

s geg. 294
»{5}

ol |

Al

(kinetics)

(polarization) ©]

M

o
!

2]



il

Az s uayE

i

(6)

Er

Eocv

=

i, Ere AF F &

]

Agro

open circuitol]l A ¢] A9

-
1

1714 Eocv

B

il

\A
%

‘umo
ol
ol
ol

R

n_mo
o
i
)

7o
pyl
M
i
olo
T

o EARE o T

°ls

=

2] o]

A F+ Butler-Volmer

(7)

exp-((1-a)Fn)/RT

I =i exp (aFn/RT)

!

ol AT=M

o} activity g} & oIt} a&

o=
=

I

O al
o=

.

et

hin

o= 22 BS A du v wdAFEEge © 2

)= N
RUSRe ]

&}

Fol W eA e A

[e)
H

d

%

gy mz giegf 10710 ° sec Abol 9]

)
22|

)

o

i)



®)

J

X
o

]
%S|

s

)

HA =

°

1 3}

g A ol

=

3}

= (RT/n) In(C/Cy)
Mg Ao dyx|7t gF=el Yl

H of] A]
n

-
it

Bk

5

23. AFo1AAAY T4

A

e B A R N - N S Y
o mﬁ WE i N-ow T o 6
S (e I o3 X
oo Ir e X oz ok om W
o}y s 53 ST
=, et o irowe E A
e & LB N
Ty % X H M_M ﬁu i
L T A I O e o|
S R s L LT
B oo o PO S N Sy
o) e N o) =
ir o OF Yy fr wo B
ol gem ok %o %o i
q _r__l ftﬂ! 37 .anO i m ~ EO
PR BN X S T o
P o SR B S R o
i N = X = 0
= = d g oo 2 LT
Foo " i =~ IS
T o LW e
o) o & 49 RN oo
Wl ® B w B X
-1 0 = f — —_—
D -
e~ [ 9 g =l oo : C o
N O ) ~ o
TS s B s N R
T NI s 3 o mr e
- o Sr T gl
it i W i L Y B ~ ak
N S [
NGRS \EM <® — o 7
SO R N
N X i
-— 1 o# .ZMO —~~ ;OO (=] ‘mﬂ
X g rP o 2
moM I S = = X
o) W o] op T W & oup ®
o o 9 8 e 2w
m_uLO m.wO ~X Ot ﬁ S
™ T o o2 o g
B O Om r wEog ool W oM U
T T O o owm Z o5 oMW

_10_



Coppar negative
current collector

® &
s e
L]

Aluminum positive
current collector

Lil-x Cole-

oe O (Oxygen)
© Co (Cobalt)

© C (Carban)
o L lliﬁun}

charge.
LiCo0e 4 Ce 3= WLil-xC

Figure 2. Schematic diagram of Li ion secondary batterry.

_11_



1970 At

-

=
LN

=AY

~]'E], gl &9 7}

o

}o] o}

2 A Hw
‘7"“4%&7]_ ;91010]: .
et

3f =] %]

5

2

)

o=

3 2 ol

5

2.3.1.
o A

~n =
ma o W o
SN Eﬁ_ S o B
o %= " 5 B og =
X ) R ~ A W ﬂﬂr — R =
Tor Wr MTM o) T Mo B _mo o H s %w H %
o my T Xo o a oo LA T ok M- 0 R <J
N Mﬂ i s 2 S © ﬁm < T 5 W E | o| BT W
i%%@@ﬂmﬂ_/zmovfwmnu Egmﬂﬂ
= W%MHM_%M@%W@ © ﬂwMﬂ@_ﬁ
_ ~ ~ =) X A
Ao ! m w < i m - NF TR M x _ E o CEIC)
oL =y 3 : ) o N :i ‘,ﬂ% g T ,.__ﬂE »AE 0 o =3 oy H;!
N T s M 2 S RoE i NG Y N
) S © X 3 < ~d h e o DN % 7o
4 K L n ® 4 o ﬁ% e ot o M = © o
o s M W BB e N ol N PG B\ O o E Lo
. = g LYy s Lg% 3
o Qo - 5 Y 3K SR N o =
vow X 2w BT I = O i 3 ¥ & Ty
oF W — | -t Ty o WE s i T & T % 2
o T = W S0 B 2 |m ) = =0 w B
_ Ao o = o e < M| o : A 3
g o= ay Moo 2 S = O Mo op M i} N
S il X ol ol L o X o N
! ol ~ 3 S 4 i 100 o — F ®
T o ST =2 2 N T v ° TN o = o
M%_dm%w mgegﬂ% ot/a i ﬂ%@uge
LI, G T N, <5 ERC Sl = B P i M SR )
oz | SO (P )y 2\ i s TH w2
E.E . < = X ,.# Orl _L @ ‘.u__m EA Ll o © i % iz}
- ,n_onx}z ﬁgﬂualqw oo ok
i E 2 Nr N - Pk kY & R i ™
w U > 2 = ul W 2, Y el T R o - %o
%0 T LT 3 W_ ° xm wm m_m > uﬁx S Q R mﬁ X2 o o
No & o = oo o Z 5 o= O n O llo
. = %0 oS RN S O = o/ Br
= 2 do X Wﬂ Ao 3 - NMoN . 2 B " ~ N 3
2 Mﬁ 5 i s ) oA o o 5 oo oo B
b = 0 : J T : —_ I~ ) oy
= _ e h ‘U| = o) K o
Nlo ) W ooAr M %= O = T 35 Y ~+ % mﬂ o ER M M ox
I ERS ﬂ%ﬁiHLﬂ s ® X F
CEE Mo % 3 ke o 9T ot oE T
= o5 = 3 w2 = & 5 o o
~ o= . ‘.:L ﬂ 5 0° —_—
| ‘U| % —_ ‘myl o X
S o o QO o
= s @ 8 o 2
T 3 x &
XL E

- 12 -



ol

te SATEEY ¢ tAsth AW Mne] Hr At 357 vt = W
o] X]™ Jahn-Teller distortion®] 2]& Zx}e] B Aol F7skA = 23}
o7 Mo]F b o] WojX A Hr}k TS 55 TolA Ay ~3mdo] A

2% 44 299 Bdo| sstHon Byl YTl BHso] Aa

Wrko] ol ettt Apde g
FAne GEAAC AN G FF e, Ao Aol o|EH 3
2 1,672 mAN/g3 o] 249l iR 2600 Whikge 7Hth A= F3am
A% e, B3Rl el e F- A4 wAS el FAAe] A4
9 4z 243e wn gvh aeu dAAREe Asss AE-FaAe
FEAo ol gRe] WS "olXm AFAHo] Y] wie] FolAel
Aol ol g oAl Bk o] AeAth oHF WAISe] we AT
o

AEE FodF 3 Ahalo] DMcT, FeS, ¥ CuSet 2 3313&5S
=

LiFePOsaA= &2Hl F22 4A4 R @44 SN Mz &

i

242 PFHJAF* ™ Delmas 7§ A2 Nasicon T7%2 LiTi(POys
Edo] 7198 % 130mAh/g & EFe /= E7t 7t de SHskth
o] &2 Fex(SOgs, TiIND(PO4)s oF 7S FWS polyanion =20 AFF L)
a3y Nasicon 82 W2 A7 A=E wjio] HAAAo=Z gF A
AbEEE =T B2 ool Atk AT ARA i Avbel e dF d
=2 el 2 uf 100mAh/g °lde &% &ds ®HoFth Olivine 7%
¢] LiFePO,= 170mAh/g 9] o]|&8&% k& 7F4al, Ratvet2 LiFePOs& &t
22 FYsE WHd 98 =S AR dEANE £ S A4S HoE

o}

rir
Py
ftlo
o|N
ol
ol
ol
38
)

_13_



A

ojn

el

Z(anode) MEBEZA HF &%

= o
1=

Z7] @Al =

4§5h9]

]

R A R =)

)

S

d

ar

)

o
il

B/
B

o]

=
E=)

AL

2] 9} (separator)

&l 4] (dendrite)

L
=

of o|277HA A%

=3
a

T

o

o] A

=11 %= (cathode) A
3|
“

Al

LN

(passivation film)& A Al7] 1,
|=]

N
T

el

bl 5 s gek? )

°

=13
= =2

3}

21 /€Fg] (intercalation/deintercalaction) A

A} o]
H
]

=

il

il

g2 dehs A

& o] 372mAh/gS

(e]

o,
o] ufj-§-

°

1

0.
H

3|
~

A5 =AM

| = A
H
/| 5N

< 3860 mAh/ge] ©|

1

s

= oA Ao ey

o] 25 ol 19
SR

o= AFHE Aoz EFHY A7

Z]
5

L
=

o

3

el

ojn
qr
il

W
il

guel

A e

o

Sig), Sl’lg), All(», Mg27), ZH28>, Sb29), PbBO)
[

T

el

= e =

[e)

L
A

1

ek gomA elEake ub

=
=

=

st ek,

o

Al 7] 2L &}
A o] A7)

N

el
e

y

_14_

A (active/inactive)

J/v &

d

3}
=



A s=EddAe] gF9

B

ol

il

o

1o
H

el

ﬂo

oAl SiO

4]

o At &

bo
s

=0

[
ToR

T
)

A4
il

)

—
fite)

ol
ol

bl Abg

)

e3hA) 7] a2}

=
E=)

T A

[e)

=

]

A

Sn
257

f

12 670 170<] &

9340 | 7000

4010 | 959

Si
297
[e)

7HE

1535
4630
238

Al
| 93, 47 2PEe A% 27

Graphite
372

333

12

Ao 1972 ol Heroldol] ¢

- LixCﬁ

BA2A 5

Theoreticalspecificcapacity (Ah/kg)
Theoreticalvolumetriccapacity (Ah/1)

Volumechanges(%)
247} LiCs
6C + xLi +xe

]

-

Table 1. Kind of Anode Active Materials

2.3.2.1.

A4
il

A
]

B

ol

=
E=)

_15_

SERER

=

=

o Aglel Aol FAF A

E
==



el

-

7t 7}

ML A7 3}
ga 7HA AL

E

R

=

2

°©

oANA TEEH.

]
“

1

s

3ot

o7} 79

L
o~

-

=
=

ot @A e

°©

A3t 7k

ko3
=

Lo}
ol
)AO

¥} MCMB(meso carbon micro bead) &2 T

A

5
=

}}}

e
o}
dlo
B
ol

0
o

H

]

=
=

A= MCMB-6289 ALz =E

(intercalation)® ® 2]F =] dlgk ALz} eF 0.8V F-LoflA oF

o]
H

SERCEE R

el

14, 0.25V ©]3s

HA fFas

)

B

=5
1

s

bal
of

ol A ¢

Tz
Ao}

=

-

=

1

s

b =

S

Apz Fo

A%l A

q §jl—
]
“

sho]
wh ol
7

°©

PN
T

[e)

71l

°©

M Do 714 melA

glth. 0.25V ©]

S

_16_

o9 T} Gt

PN
T

o)
o

]

o
.l

3

1o

oledA el e £AA ALE
A
=]

E
KeX
T

=
=

o
[e)

F

H
fu

HA 2
1o)

A
H

I3

g
59

o
=

Z]



o]

=N

=
=

o

Aoz U= g
(staging)o] =}

=

o

<]

of wah ¥

e

=
[}

=7}

g o] A (stage)ol Al H& ~Hol X2 WalyH %

A

1
s

oA Ve

o2 JAd(peak)] FE|= LERI

ol -] AAAA.. & A3t

AZ A= ABAB....

A %9

ol
oy
o
olo
T

—

0
<

il

A =]

t}h LiCAH 7] % 103% =7}

°©

T

0
T

d S MR L2 wdE =4

cxd

o
=

o

}

Sy
-

ke

]

o
1l

71 €]

B R =)

ey
T

S

1

o ¢

o LiCd el Al Fd 5 Ateld]

Eia =R
{207 372 mAh/g O o]E 38| o|2% feko]

o] LiCsd el ol A
o 2 E A

§l.

oAl #EF i

Njo
ol

°]

il

o

=

e

tpebd .

=

=

HA|

o LiCeAHE

°

SHE A4
— 17 —

O
JL oL ™

or

S}

°©

A

=
L

1

s



20 §

E/V vs. Li/Li*
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Figure 3. Constant current charge/discharge curves(1® and 2™ cycle)

of the graphite MBMB 628.
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Table 2. Specific Capacity Data for Several Silicon Composite Anode

30)

Materials’
Precursor Molelcular First d.elithiation Delithiation
weight (Li/mol) (mAh/g)
CoSiz FTO%] 625 58
FeSiy 112.03 0.25 60
NiSiz 114.87 Q.5 198
CaSiz 96.26 TG 320
SiB3 60.52 1.0 443
Sio 44.09 gl 669
a-Silicon 28.09 1.05 1002
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Figure 5. Properties of Si anode active material.
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2.2.2.3. Astde 29 £A

A A 5524 A E(Sh), dAastA g Z(Si0), ol 4kstA 2 Z(Si0s)
= 7lEer 5 F e, o F /M 8T AdA A=
ojxp A & AR AN M el Ar]skekykg-o] Hj&Aoltt. SiO9k Sie
5T A718gNkeS 3 SiOw Sigr Li02e] He Sddagde AAHA
Sit Li-Si @32 g4ag" ™.
Al Azel Ad7)stst whES ool YEt At wEgel o] 1dA R
A5k Sidt LisO material particle 5914 nanocrystalliteE dAlstH =
ol wepA 7 Al whES e S Utk
w5 2 a& A5 d7|stentg e o] ¢k FALst.
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- -
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ftlo
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r

AE3HE A 29 HES-7] - (reaction mechanism)E A3 A
o] ¥t} A3E A5 w)E ~(matrix)ol reductive electrochemical forceol
71918k metallic 2l & (2lEol= Aol o=z AHYAxE= Sior Li09
[e]

nanometer domaine A3}, T3k oxidative electrochemical forceol] u}lz}h

7tgx oz Sio9r Eolo
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SiOy4 tetrahedral 2ol o} wAM|HA EEH a1, g EFe] &3] A4dH
W Li-Si alloy$} F-24< g% 2tstEo] @At Atstd k' Miyachi



52 X-ray photoelectron microscopy (XPS)ol <¢]&] Li-Si alloy, §+7% ¢l

Li;O 2 Li silicate(Li,SiOs)7F A Bz B st

2.23. A3 4

A G 22dAd F2 AL s AA dade] e Bd #3d
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o LiTFSI(LIN(SO.CF3)2)", LiBETi(lithium bis (perfluoroethylene sulfonyl)
imide)™”, LIN(SO:CFoCF3)2)™ 7} 7t s 9l 31, # el = LiBOB(lithium bis
(oxolato)borate, LiBC/Og)o] 150 x| a1 glt}>
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A3 &3 4 F

31. A5 #E4 A=
3.1.1. Si-SiO-Graphite 5 & &2

B3 S Y3 A Edz2 A Z(SI-100 silicon powder 99+%,
Atlantic Equipment Engineers)¥} 4 2] #2438} & (silicon monoxide powder, 325
mesh, Aldrich)& 1:3, 2:2, 311 TZH &2 z2H7F 7414 24EES T
8mm=] 7 9] strainless ball ¥ Al59] H|E 1011 THHEZ ELY7E o] &
3to] ol=ar B9 7|0 A 350 rpme] 3] HAFE 44 7HESE ball-millingS -3 3
o 173 EF§ES Az Azxzd 13 5FE(SI-Si0) SA(DAG-68,
SODIFF Advanced Materials Co., Ltd.)= 1:1 %9 &2 350rpmol A 244 7+
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FAZ o2 EY7dlA F$2&%2 5C/min® o] 900 TollA 1 A7+ &
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o
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3.1.2. SiO-Graphite EFE2

At 23 SAd7e E3AE SiOegH SADAG-68)9] 71AH &H
doz A|xsHY. AP Z4FslE(silicon monoxide powder, 325 mesh,
Aldrich)¥} &4 (DAG-68, SODIFF Advanced Materials Co., Ltd)S 111 &%
Hl &2 8mm# 4 9] stainless ball ¥ 10:1 T HHE&EZ ELY7]E o] &34
of2 3 #97]oA 350 rpme] I HAFE EWHste] HEdES Axsuh
Aol ball-milling AIZFEAS Z7] Yl 12, 18, 24, 30AIzte= 7}
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3.1.3. SiO-Graphite-Carbon &3 & 3
AslA el 23 Bl B 312 oA 7]&d W oz AT 7 A A
2oy oz At B4 EaA AxE 93 8 AFAERE

propylene carbonate(PC, Techno Semichem. Ltd)S AF&3l3t}. ofAl =] PC

S QAR WA g JAA Badon E¥E Asdday 59 8

FAE B 1A WRAIZIY, o] BgARE $225=F 5C/min 750C oA

2A17F B ArEY 7ol dAH el E sle] SiO-Graphite-Carbon &3 &2 &

=& E54d3 AgAA PVDF(polyvinylidene fluoride)E

Z3Ath o] F Yo FHA &L 90%
o FSEEHE JIEer AE #golth. ®MA PVDFE £ 71(Thinky
Mixer) S AF&3Fe] 10 7+ & ufel NMP(N-methylpyrrolidone, 99 %, Aldrich
Co)ell &38lA71 & &E54S Y 1A aTAA s S8 8 dATh
AzE slurryE T8 foilel bladeE °©]&3ste] HEE F 110 T LEA 2 A7
7Az3te] NMP €& S9AI7] T3 hot press roll S Al&3d] A58 4EA|

At Axz" A5 120 C e B 12413 FF HEAZ T

33. 43¢ #A x4

Az" S5 AT AF 14 om 712 A2 F Li metal F=3 1M
LiPFs in EC/EMC = 1/1(v/v)+2wt%VC (EC:ethylene carbonate, EMC:ethyl
methyl carbonate, VC:vinylene carbonate) #3djo}S A}&3Fo] 2032% coin
cell'& FASAY. AAAZ] BE FAHLS F82 &2 10ppm ©]ste] of

2
23 89719 =gte] & dellA stk 2HE dA e Asts 93

_28_



34. A= EZY 4
3.4.1. X-ray Diffraction (XRD)

Az AAFxe} ETEOY AsEY] 5 128 49 =d9 +x
g waul7] 98l XA 3™ A (X-ray Diffraction, XRD)& &ttt
W A% 7171 PhilipsAbel wE® PWITI0RoH Cu-Kadle AMee9ln
sampling width+= 0.05, 10780 °¢] ¥ 9= degree, scanning speedt 0.5 deg/min

o 2ANA #AE A

3.4.2. Scanning Electron Microscopy (SEM)

]

e 249 THITAAS #Esta 22 A7]E 54357 98kl Hitachi
Abe] S-4800R 9 2 =23 ] F2A(Scanning Electron Microscopy, SEM)<
T35kt

3.4.3. Transmission Electron Microscopy (TEM)
FAE B THEANS A&EE Y] 98] JEM-2010(JEOL) 222 F374 =}

& 1] 7 (Transmission electron microscope)< <=3 8} 21t}

3.4.4. Particle Size Analyzer (PSA)
AR JAA7E 437 98 PSAS Fd sttt 417171+ Coulter

Corporation®] LS230 &NAPLUSE PS8 AL&83}9 3, Sl ez 3to] =

Aetalth. 54 s JAEel dolAE FAbste] FHd 54 Aol oA
A e JAabd e Fa 7w R Fid Ble] Arg S48k
P FEE dohin
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Figure 6. SEM image of SiO powder.

2

—_
o
——

o)

it d

Graphite

Volume (%)
D
Y

Intensitv (a.u.)

Si0

N

0 10 20 30 40
001 01 1 10 100 1000 10000 2theta
PatideSze (um)

50

60

70

Figure 7. PSA and XRD patterns of raw materials for silicon

monoxide-graphite electrode.
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m Graphite ¢ Si
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Figure 8. XRD pattern of Si—-SiO-Graphite composite at different

experimental conditions.
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Table 3. Discharge Specific Capacity of Si—SiO-Graphite Composite at

Different Experimental Conditions.

Anodeactivematerial 1st 5th 50th
Discharge Discharge Discharge
capacity capacity capacity
(mAh/g) (mAh/g) (mAh/g)
Si+SiO+Graphite=1:3:4 156 739 731
Si+SiO+Graphite=2:2:4 521 1346 697
Si+SiO+Graphite=3:1:4 956 1409 459
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4.3. SiO-Graphite 53529 A4

43.1. B4 AT & SiO-Graphite H5FEZ FA

Z1AA &2 W] 93 SiO9F Graphited £33 A8 2o XRD patterne
2109 YR AT SiO= HAE 2249 AP Al XRD pattern©. = $kwt
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Table 4. Discharge Specific Capacity of SiO-Graphite Composite at

Different Ballmill Duration.

First cycle 30™ cycle
Ball milling

Duration Discharge | Charge Irreversible | Discharge | Charge
(h) capacity capacity capacity capacity | capacity
(mAb/g) | (mAh/g) (%0) (mAh/g) | (mAh/g)

12 1330 809 39 495 493

18 1556 892 43 589 580

24 1738 693 60 696 688

30 1506 535 64 663 656
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m SiO ¢ Graphite
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A A4 * 30 h -Ball milled
s l )
L"', 1. 24 h -Ball milled
2
‘»
S 18 h -Ball milled
z o
l 12 h —Ball milled
SIS NS
10 20 30 40 50 60 70 80
2 theta

Figure 10. XRD pattern of SiO-Graphite composite at different ball

mill duration.



54800 5,0kV/ 8.2min X5100K

Figure 11. SEM miocrographs of ball milled composite for (a) 12h (b)
15h (c) 24h (d) 30h.
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Figure 12. Voltage as function of specific capacity for 24BM electrode.
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Figure 13. Specific capacity as a function of cycle number at different

ball mill duration.
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Figure 14. XRD patterns of (a) uncoated SiO-Graphite composite and

(b) carbon coated SiO-Graphite composite.
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Voltage (V)

Figure 15. Voltage as function of specific capacity of carbon coated

S10-Graphite composite.
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Figure 16. SEM images of (a) uncoated carbon coating and (b) carbon

coated SiO-Graphite composite.
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Figure 17. The low magnification TEM im of (a) uncoated carbon

coating and (b) carbon coated SiO-Graphi posite.
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Figure 18. Differential capacity curves of the (a) uncoated and (b)
carbon coated SiO-Graphite composite elecrode at a constant current

of ImV.
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Figure 19. Cycle performance of carbon coated SiO-Graphite composite

electrode.
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4.3.3. SiO-Graphite/Li Cell®] BH¢ AH g
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Figure 20. Current and voltage of SiO-Graphite composite electrode at

different constant voltage time.
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Figure 21. (a) Discharge specific capacity (b) Charge specific capacity
of SiO-Graphite composite electrode as a function of cycle number at

different constant voltage time.
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